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SYNCHROTRONIC  RADIATION  IN  COMET ARY  NEBULAE 

( Submitted  by  Academician  V.  A.  Ambartsumyan,  Sepo, 

11,  1959) 

^Following  is  a  translation  of  an  article  by  0. 

A.  G-urzadyan  which  appeared  in  Doklady  Akademii 

nauk  SSSR  (Papers  of  the  Academy  of  Sciences  USSR; 
I960,  Vol.  130,  No.  \J 

Among  the  galactic  nebulae,  comet ary  nebulae  cons¬ 
titute  a  small,  but  interesting  group.  The  distinguishing 
features  of  these  objects  are  primarily  their  external  sha- 
pf( comet-shaped  or  cone-shaped)  and  the  ^regular  variabi¬ 
lity  of  their  brightness  and  structure.  The  ^ight  part  of 
cometary  nebulae  is  usually  of  magnitudes  comparable  to  the 
apparent  magnitudes  of  large  planetary  nebulae,  while  the 
star  producing  their  luminosity  belongs,  as  a  rule, ,  to  stars 
of  low  luminosity  (type  A  and  later);  it  is  difficult  to  re 
concile  the  latter  circumstance  also  with  the  fact  of  uhe 
presence  of  emission  lines  of  hydrogen  in  the  spectra  of 
some  Some?ary  nebulae.  Finally,  the  emission  of  a  strong 
continuous  spectrum,  sometimes  interrupted  by  absorption  li¬ 
nes  of  hydrogen,  also  characterizes  cometary  nebulae. 

V.  A.  Ambartsumian  was  the  first  to  pay  serious  at¬ 
tention  to  the  peculiarities  of  radiation  of  cometary  nebu¬ 
lae;  he  pointed  out  that  the  luminosity  of  these  objects^is 
not  of  a  thermal  nature  (1).  Subsequent  investigation  o± 
this  problem  indicates  that  the  luminosity  of  cometary  nebu¬ 
lae  could  be  caused  by  the  decelerating  radiation  of  relati¬ 
vistic  electrons  in  the  magnetic  fields  of  the  nebula  Syn¬ 
chronous  radiation).  It  is  necessary  to  note  in  tnis  connec 
tion  that  an  analysis  of  the  proposed  hypothesis  is  by  far 
not  limited  to  a  simple  calculation  of  the  concentrat ion  of 
relativistic  electrons  and  to  finding  their  spectrum,  ihe 
hypothesis  of  relativistic  electrons  has  been  found  oo  pro¬ 
vide  a  good  explanation  of  a  number  of  facts  pertaining  o 
cometary  nebulae,  whereas  the  more  widespread  hypothesis  oY 
the  reflection  of  the  light  of  the  nucleus  by  the  dust  par¬ 
ticles  of  the  nebula  does  not  provide  such  an  explanation. 
Dome  of  the  results  obtained  by  the  author  on  this  problem 
are  cited  in  this  article. 
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Sometimes*  from  the  reverse  side  of  the  cone  of  a  co¬ 
met  ary  nebula  symmetrical  to  the  nucleus,  we  observe  the  ap¬ 
pearance  of  the  same  kind  of  cometary  shape  • (for  example, 
in  HG-C  2261  j  2245) .  This  causes  the  nebula  to  assume  the 
character4  of  a  sort  of  bipolarity  which,  however,  should  not 
be  identified  with  the  structural  bipolarity  of  some  plane¬ 
tary  nebulae  (2),  but  it  should  also  not  be  considered  to 
be  a  fortuitious  phenomenon. 

It  can  be  concluded  from  this  fact  that  a  cometary 
nebula  "rests"  with  its  end  upon  determinable  regions  of  a 
star-nucleus,  mainly  in  the  region  of  the  magnetic  pole. 

However,  the  structure  of  the  magnetic  field  in  this 
case  differs  somewhat  from  the  one  assumed  for  stars.  It 
can  be  shown  that  in  order  to  explain  the  shape  and  the  ob 
served  extensiveness  of  a  cometary  nebula,  its  nucleus  should 
possess  either  a  magnetic  field  situated  eccentric  to  the 
center  of  the  star,  or,  and  this  is  difficult  to  reconcile 
with  our  contemporary  assumptions  of  the  nature  of  magnetism, 
it  should  possess  a  unipolar  magnetic  field. 

If  we  present  the  magnetic  field  strength  in  a  given 
direction  in  the  shape  H  ^  r~n,  then  n  =  3  with  a  dipolar 
field  and  n  =  3/2  -  2  with  a  unipolar  field,  i.e.,  the  gra¬ 
dient  of  the  magnetic  field  will  be  much  smaller  in  the  latter 
case  than  in  the  former.  Another  cause  of  a  decrease  in  the 
gradient  of  the  magnetic  field  is  that  the  substance  itself, 
which  has  been  ejected  from  the  region  of  the  star's  pole, 
could  carry  a  magnetic  field  with  it.  As  a  result  of  these 
causes,  the  relativistic  electrons  emerging  from  the  region 
of  the  pole,  could  produce  synehrotronic  radiation  even  at 
considerable  distances  from  the  nucleus,  if  the  intensity  of 
the  magnetic  field  at  the  pole  is  of  the  order  of  10^  gauss. 

Magnetic  force  lines  emanating  from  the  pole  in  the 
direction  of  the  magnetic  axis  (or  the  rotational  axis  of  the 
star,  if  they  are  close  to  each  other),  are  approximately  in 
the  shape  of  straight  rays.  The  electrons,  flying  from  the 
pole  toward  the  force  lines  at  some  angle,  will  wind  around 
the  latter,  describing  a  spiral  trajectory.  The  trajectory 
radius  should  gradually  increase  as  the  electron  moves  away 
from  the  pole,  since  the  field  intensity  decreases  with  dis¬ 
tance. 

A  change  in  the  radius  is  tantamount  to  a  change  in 
the  radiation  frequency  of  the  relativistic  electron.  There¬ 
fore,  the  electron  at  a  given  magnitude  of  its  energy  E  emits 
invisible  ultrashort  waves  in  regions  close  to  the  nucleus, 
and  invisible  Infrared  and  radio  waves  in  regions  remote  from 
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the  nucleus*  ^ 

It  follows  from  this  that  an  electron  of  a  given 
energy  can  produce  radiation  in  the  optical  range  only  at  a 
definite  distance  from  the  nucleus* 

For  example,  at  K  s  10Xi  electron  volt,  the  opti¬ 
cal  range  from  3,200  A  to  7,000  A  radiates  within  a  range  of 
intensity  from  Hi  =  2.2  •  10 gauss  to  H2  ~  5  •  10  “-'gauss. 

Although  we  do  not  know  the  exact  law  for  the  de¬ 
crease  in  Intensity  of  the  magnetic  field  of  the  star  s  pole 
With  distance,  there  is  no  doubt  that  at  some  distance  from 
the  nucleus  r-i  the  first  condition  will  be  satisfied,  and 
at  rg  the  second  condition.  At  a  different  magnitude  of  E, 
we  shall  obtain  different  magnitudes  of  T\  and  ro. 

Thus,  depending  on  the  compos it ion  and  uniformity 
of  the  beam  of  relativistic  electrons,  maximum  brightness  may 
occur  at  any  distance  from  the  nucleus. 

When  several  beams  are  simultaneously  present  and 
they  are  more  or  less  uniform  (monochromatic),  but  with  dif¬ 
ferent  values  of  E,  there  are  several  maxima  of  varying  bright¬ 
ness  and  at  different  distances  from  the  nucleus.  Even  during 
small  oscillations  in  the  composition  of  beams,  the  bright 
regions  (spots)  will  drift,  and  may  even  disappear* 

Finally,  if  the  energy  spectrum  of  the  relativis¬ 
tic  electrons  is  continuous,  then  instead  of  spots,  there  is 
a  continuous  nebula  with  a  brightness  which  decreases  monoto¬ 
nously  with  growing  distance  from  the  nucleus. 

The  irregular  changes  of  the  brightness  and  struc¬ 
ture  of  cometary  nebulae  were  considered  one  of  the  incompre¬ 
hensible  phenomena  of  their  nature.  As  we  can  see,  the  hypo¬ 
thesis  of  relativistic  electrons  ejected  from  the  nucleus  of 
the  nebula  gives  a  simple  and  conclusive  explanation  of  this 
phenomemon.  The  picture  of  a  changing  brightness  and  struc¬ 
ture  will  become  even  clearer  when  we  take  into  account  also 
the  effect  of  the  star’s  rotation  and  the  effect  of  possible 
oscillations  of  the  magnetic  field  intensity. 

The  mean  concentration  of  relativistic  electrons 
Neln  the  nebula  is  determined  from  the  assumption  that  the 
integral  brightness  of  the  nebula  is  a  function  of  continuous 
synchronous  radiation.  Assuming  that  the  spectrum  of  relati¬ 
vistic  electrons  is  continuous  and  that  it  is  represented  by 

the  form  ... _ 

Ne  ~  KE  r 

for  concentrations  in  the  nebula  of  relativistic  electrons 
which  have  an  energy  greater  than  E0,  we  will  have 


wliere  K  is  determined  from  the-relation 

_  Tf+l 

K  -  (2) 

c  (7)  K 

whare  H  is  the'  magnet ie  field  intensity  in  the  middle  sections 

aie^  tSI  viSa?  »yfA  1»  the  apparent  surface  of  the  nehu- 
lt  fn  steradians;  Z  is  the  apparent  bolometrlo  hagnUude  oi 

U  is  the® integral  photographic  stellar  Jaf  tf  Jr“' 

f  PS  ■  ,  i  a  +v,0  -latitude  of  the  spectral  interval  in.  ire 

queriy  unfls;  *  is  the  mean  frequency  of  the  photographic  re¬ 
gion  of  the  spectrum.  nn  v  and  assuming 


values 


C(  y')  ’is^a  function  depending  on  y  and  assuming 

'  1  1  *  A  5 


0,47-10-  *« 


0,95- 10-» 


2,85-10* 


8,70- 1014 


.  ,  .  f  / 1  \  flT1d  (o)  to  a  known  cometary 

> ,  iiizfiiwt ^is“  >4*  r  = iolu  om 

nebula  h&G  22o X  Yir-"::.  i  0---3  a+  H  ==  10~3  gauss # 

and  T  -  of  hydrogen  atoBs  in  cometary  nehu- 

1“  1o  iadistlM  which  13  generated  in  the  nebula.  Proceeding 
$  Jv.it  it  ?«  possible  to  d  eve  loo  the  following  formulate 
determine* the  electron  concentration  of  common  (thermal)  elec¬ 
trons  in  the  nebulas 

-*?=  cb 

^  •  Z3AyxH  * 

>  <4 and  »4  are  the  equivalent  latitude 

and  frequency  of  the ^Biseio^line^Ha^^^^j/n+ne^n^it^i^ 

transition  of’Wogei  3' * 12. .  For  »0  2|61  this  forBUla  gives 
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nebulae.  e  ls  rea30n  to  a33u3ie  that  the  optical  thick- 

of  ultraviolet  radiation  (LG)  is? 

?s*«,s.“oSs;^s!Sai;  (*cV»  ^Mrr^rs  ^f0. 

iSe  formula  of  ionization  of  hydr  rl 

rizat-3 on  takes  place  by  means  of  synchrotronic  snurt. 

diation,  at  <c»1  ln  the  shape 

n+  __  1  /I  (7)  £  WZ  t  v"^.  (4) 

«.  n'  "  4*  7  +  3  o  * 


which 
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Proceeding  from  the  observations  of  equivalent  latitu¬ 
de  of  absorption  lines  Hg  in  the  spectrum  of  the  cometary  ne¬ 
bula^  we  can  determine  the  concentration  of  neutral  hydrogen 
atoms  within  it  by  means  of  the  formula 

(5) 


-2 


A'o(®a)  •  1 


A  IK  vvliiL  i  —  -■  v 

/?A(?)  * 


T~1 
*  * 


where  X0(^)  is  determined  from  the  curve  increase  formula 

(6) 

(6) 


W- 


2X^(0'  + Xt)-'dPl 


3l  ana  32  are  the  coefficients  of  selective  absorption,  cor- 
resoondinglv  in  the  frequencies  of  lines  L*x  and  1%,  oJ  ~  -> 

A  lithe  frequency  of  ionization  of  hydrogen;  **  is  the 

coefficient  of  con?inuoL  absorption  **  |g 

The  application  of  (4},  (5)  and  (6)  to  me  22ol  yieias 
d+  and  v"  =  3  n-i  —  170  cm  n  0»1» 

8 Thus,  in  NOG  2261,  the  overwhelming  ' 

atoms  is  in  a  neutral  state,  and  the  degree  of  io*  1 n  J 

very  low*  Under  these  conditions,  the  opt*°a*  ~  10? 

the  nebula  in  frequencies  of  Lc-radiation  is  obtained  ~ 10^, 
and  in  the  frequencies  of  line!  of  the  Balmer  series  of  hy- 

drog^n,  ^of ^toe^order  £jd*[atija  shouia  he  polarized,  and  the 

plane  of  polarization  should  be  perpendicular  to  the  magnetic 
intensity  line  at  the  given  point,  and  the  theoretical  degree 
o?  JClarliSon  very  high  -  of  the  order  of  70  percent  (7). 
Since  the  magnetic  intensity  lines  of  the  unipolar  field  in 
tha  region  of  the  cone  of  the  cometary  nebula  are  in  the  ap¬ 
proximate  shape  of  straight  rays,  therefore  its  continuous 
radiati on  should.  In  the  first  approximation,  b*  polarized  ra 
di&lly ‘  to  the  nucleus,  and  the  degree  of  polarization  snouxa 

be  been"  said  above  Is  conf iraed by  data  of  pola- 

rimetric  Investigations  made  in  respect  to  Nf  2261, by  Ye. 

Khachife 1  yan  (3)  and  H.  A.  Razmadze  (?)  i  enti- 

polarization.  The  mean  degree  of  polarization  over  the  en 

re  nebula  was  found  to  be  16  and  19  P^f^So tS  60 Percent, 
fmd  in  some  points  of  the  neoula  it  reached  50  bQ  percent,. 

Thu°  the  results  of  polarimetric  invest  igations  3pea"5: 

in  ?avor  of  the  sySch?otronic  nature  of  the  luminosity  of  co- 

met^rj  ypothesls  of  synchrotronic  radiation  of  the  lumi- 

nosity  of  cometary  nebulae  gives  also  a  of 

*  .  on  if  other  phenomena  observed  therein,  and  in  particular  oi 
iie  foroaWoS  in  the  spectra  of  lines  of  emlsslou  ana  lines 
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Df  absorbtion. 
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ULTRAVIOLET  BABIATIOR  ABB  THE 
EXCITATIOH  Of  OZTSEB  LUES  II 
TEE  CHROMOSPHERE 

[following  is  a  translation,  of  a  paper  written 
fey  G,  M.  Hikol * sfcty  and  published  In  Doklady  A- 
kademli  aauk  SSR  (Papers  of  the  Academy  of  Scien¬ 
ces  USSR) »  Astronomiya  (Astronomy),  Vol.  130,  So, 

1,  I960,] 

(Presented  by  Academician.  ¥,  G.  Fesehteov,  on  August  25,  1939) 


Multiplets  of  01, (the  system  of  quintets  at  XA  77/1.95 
7774,18.  and.  7775.39  and  the  system  of  triplets  at  AX  8446 05 
8446,73  and  8447,66)  are  characterized  by  a  fairly  high  excl- 
tat I on  potential  {about  10  ev)  for  tbeir  upper  states*  Figu** 
re  1  shows  an  energy  level  diagram  for  01.  The  lower  states 
of  the  multiplets,  on  coupling  with  the  adjacent  ground  sta¬ 
te.  produce  lines  at  XX  1302.2,  1304.8,  and  1306,0  (triplets) 
and  at  XX  1355.6  and  1358.5  ~  forbidden  lines  with  respect 
to  spin*  Aie&tIc&h  rocket  observations ii/  fc&ve  recorded  botn 
groups  of  ultraviolet  lir.es  in  the  solar  s  poo  trust*  Since  tae 
continuous  solar  emission  in  the  wavelength  integral  oorras** 
ponding  to  10  ev  is  negligible#  an  electron  collision  mast  d© 
source  ..of  excitation  in  the  initial  states  for  AX 8446  and 
7774  (3p2,l,0  aud  5plf2,3). 


However,  la  the  case  of  triplets,  a  downward  cascade 
process  from  the  next  higher  level  ^3, 2,1  m&J  *?e  mecha¬ 
nism  which  populates  the  initial  state  -5Po,l,2  f°r  A 

8446  emission.  ,  _  . 

The  2  i  level  is  excited  by  the  chromospheric  e- 

mission  in  the’L^  line  at  1025.73  A,  , 

for  all  intents  and  purposes,  here^we  are  dealing  with 
a  resonance  process :  the  energy  of  level  -AD  corresponds  to  A 
1025,77  A,  while  the  width  of  the  LyS  line  is  somewhat  less 


^  v. 

This  mechanism,  in  its  application  to  the  oxygen  of 
the  earth ’ s  atmosphere,  was  first  examined  by  P.  S,  ohkloy- 
skiy  *»  But  for  a  number  of  reasons ,  the  attempt®  to  dis 
cover  the  expected  (according  to  (2))  twilight  burst  at  A 


Let  us  examine  the  actior$bf  this  mechanism  under  solar 
atmosphere  conditions.  With  this  in  mind,  by  solving  the  mi¬ 
crostability  equation  systems  separately  for  the  01  triplets 
and  Quintets,  •we  will  find  the  occupation  number  of  the  ini¬ 
tial  ‘states  for  XX  8446  and  7744  [sic],  taking  into  account 
the  L/?  radiation.  We  shall  assign  numerals  to  the  states 
(fig.'  1)  and  limit  our  examination  to  four,  for  simplicity 
we  can  neglect  the  loosely  related  processes.  The  solution 
takes  the  form: 

— )  =AiH+w'  C) 


c 


(• 


m\ 

/TlH 


J 


(2) 


Here,  ni  is  the  occupation  number  of  the  ground,  states  A 
and  B  are  the  Einstein  coefficients;  h  is  the  electron  col¬ 
lision  excitation  factor;  and  ft  is  the  radiant  excitation 
energy.  Let  us  note  that  in  deriving  (1)  and  (2) ,  we  have 
taken  into  account  the  Inequalities  A  *>>  Bf  >? _b  which  a~c  va 
lid  for  the  chromosphere  (with  the  exception  oj.  f  =  r  La 
A  for  Intercombination  transitions),  .  ..  „„ 

To  evaluate  the  terms  In  Expression  (1),  we  shall  as¬ 
sume  that  the  chromospheric  emission  in  L/2  can  be  represen¬ 
ted  as  black-body  radiation  with  T  about  5*000°;  the 
iron  temperature  and  concentration  in_the  lower  chromosphere 
are  TP  =  5,000°  and  Ne  about  lO1^  em“3;  the  mean  magnitude 
of  the  effective  cros  section,  excited  by  electron  collision, 
is  of  the  gas  knnetic  order.  In  general  terms  then. 


a4,w  10“ 


SMO 

T 


X.W 


Ns*  ( 


- 


S/z 


ssm 


icm  ) 


10 


4?Lp 


13 


I03.  (3) 


It  should  be  noted  that  this  evaluation  is  a  strong 
function  of  both  the  assumed  values  for  the  L/3  -radiarlon 
intensity  and  the  electron  temperature  Te  the  chromosphere 
nevertheless,  the  emission  lines  at  A  8446  must  be 
substantially  stronger  in  the  regions  of  the  chromosphere 
with  increased  radiant  energy  of  Ld!  radiation. 
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Continuum 


Fig,  i.  01  energy  level  diagram,  triplets  and 
quintets , 


How  great  is  the  ratio  of  the  intensities  in  the  chro 
mo spheric  lines  18446/^777^  $hen  A  8446  is  not  excited  by 
La  radiation,  this  ratio  'must  be  small,  This  follows  irom 
the  metastability  of  the  lower  level  5s  for  X  7774  and  from 
the  effective  discharge  —  the  permitted  transition  of  exci¬ 
ted  atoms  from  the  analogous  state  5s  for  X  8446  to  the 
ground  state  3p. 

When  the  absorption  lines  X 4  8446  and  7774  appear ^ln 
the  dense  layers  of  the  solar  atmosphere,  excitation  is  de¬ 
termined  primarily  by  collisions  and  18556/ 1777  4®  mus-t 
close  to  unity.  This  is  confirmed  by  an  evaluation  of  the 
equivalent  widths,  using  {4  to  6}.  , 

The  features  of  the  excitation  of  chromospheric  lines 
at  8446  make  possible  the  measurement  of  the  intensity  of 
L-5  in  various  regions  of  the  chromosphere.  Despite  certain 
definite  problems  In  observing  the  extremely  weak  infrared 
lines  of  01  in  the  spectrum  of  the  chromosphere  when  there 
is  no  eclipse,  this  method  has  a  number  of  advantages  when 
compared  to  rocket  observations  of  L/i  « 

Let  us  note  that  because  of  the  great  optical  density 
of  the  chromosphere  In  the  lines  of  the  Lyman  series  this 
method  only  provides  data  on  the  radiant  energy  of  the  L/s  ra 
dlatlon  in  those  layers  of  the  chromosphere  where  the  emis¬ 
sion  line  A  8446  is  formed. 

In  setting  up  this  type  of  observation,  it  is  conve¬ 
nient  to  record  A*  8446  and  7774  at  the  same  time,  since  the 
ratio  of  intensities  according  to  (1),  (2)  and  (3),  is  inde¬ 
pendent  of  electron  concentration  and  is  a  considerably 
weaker  function  of  electron  temperature  than  each  line  by 

*IsicT. 
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Itself, 

of  the 


>  1  is  a  direct  indication 

>  8446  due  to  L/s  radiation. 
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GRAVITATIONAL  INSTABILITY  IN  PLANE  ^ 

ROTATING  SYSTEMS  HAVING  AXIAL  SYMMETRY 

(Submitted  by  Academician  L.  1.  Sedov,  Aug.  31»  1959) 

[Following  is  a  translation  of  an  article  by 
V.  S.  Safronov  which  .appeared  In  Doklady  Aka- 
demii  nauk  SSSR  (Papers  of  the  Academy  of 
Sciences  USSR),  I960,  Vol.  130,  No.  l.J 

The  generalization  of  Jeans' (1)  classical  condition  of 
gravitational  instability  was  made  by  Chandrasekhar  (  )• 
was  an  analysis  of  an  infinite  uniform  medium  rotating  about 
a  certain  axis  z  at  an  angular  velocity  which  is  not  a  auhc 
tion  of  the  distance  from  the  axis.  Chandrasekhar  found  tnat 
the  JeLs  criterion  remains  valid  for  disturbances  spreading 
out  in  all  directions,  except  those  w^ieuare  strictly  pr^ 
oendlcular  to  the  axis  of  rotation.  In  the  case  of  distur 
bances  perpendicular  to  the  axis,  gravitational  instability 
occurs  only'  if  the  density  exceeds  the  critical  value 

P>tPKp^|b  (l) 

This  result  is,  however,  Inapplicable  to  actual  rota¬ 
ting  systems  which  commonly  appear  to  be  very  flat.  „_n  nr. 

They  cannot  possess  Instability  about  z,  an  • 

XT  speak  of  a  spread  of  distunes  and  of  the >  emergence  of 
in«tabi litv  in  a  plane  perpendicular  to  the  axis  oi  rox.au  , 
;  .  sly  when  the  Jeans  criterion  is  Inapplicable. 

*  ”  PHoweverf  even  for  that  Instance  the  quantitative  esti¬ 
mate  of  Chandrasekhar  (1)  should  be  subjected  a  r«apP£ J.- 
sal.  First  of  all,  because  in  actual  systems  the  velocity 
rotation  is  not  constant  and  depends  on  r,  if  onlj  for  the 

ttero  is  usually  a  oonoentra tlon  of  ma  er  toward 
+  h^  f.pnter-  and  secondly  because  the  dimension  ox  the  system 
dSectfof  of  axil  ,  Is  cons: LderaOly  . 

dimensions  in  directions  perpendicular  to  z.  The  P^cal 
reality  of  systems  extending  infinitely  in  the  a?*re^x^ri 
the  axis  of  rotation  is  particularly  emphasized  by  K.  F.  Qg 

rodnikov  (3)  • 
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The  following  approximation  has  f  .^^“ofto- 

Bel  and  Schatzman  (4).  ^assume  that  th*  of 

S^SbSLw'JSS  ^"piaL’terpendlcular  to  the  a- 
Jls  of  Station  and  which  are  summetrieal  relative  to  „his 

aXlS*  However,  the  authors  only  analyzed  a  two-dime 
Instance  and  the  Poisson  equation  for  the  potential 
ten  in  the  form 

(2) 


JL_£ 

r  dr 


(r-^y  •=  ~~  4?r(38p. 


This  means  in  reality  that  the  system  here  considered^ 

utiSs  ssswef  s1  SSjsms&^s' 

bility  obtained  by  the  authors 

4*%*  ,  e*  (3) 


^  2(0  t  *%>  ,  4tnc»  ,  C*- 

itrOp  >  —  (wr^)  +  A*  4pa 


T“  Tx  ES'jirKSsScS:  rsa 
E~Sss;:=irfan-ErSsS‘' 

rSoSi«on1irSSrseth“eir«pLiaSfrhiianoe  offices 

acting^upon  an  element  1. 

withoStSaUcS^e’  in  its  moment  of  quantitative  motion  relative 

the  system  £  “eS 

ri?e°  the  gravitation  of  the  cylinarxc^x  o_x  u  ,  ht 

with  the  Poisson  equation  (2),  the  first  member  on  tne  right 
hind  side  is  a  force  which  returns  ^displaced  element  to 

^•.SSSSr^itrtS1  Sf  rSht  Ud  slL 

;  the^gradient  of  gas  pressure  ?r—  as^a  resuUof^ 

?rs“°e?’ls-;^y  amaU  compared  to  the  prior,  and  can  be  ne- 

glected.  y  fr£)m  a  gyStem  which  is  infinite  along  z  to 

flat  systems,  only  the  left-hand  member  in  the  inequality  (3) 
wifi  rhanse  which  is  associated  with  gravitation.  In  order 
“to^eteSfne  the  component  force  of  gravitation  down  the  r  ^ 

£  £  tt'a^Lnal  component 
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ii*iV/4z2  will  enter  into  the  left-hand  side  (2).  It  is  the¬ 
refore  expedient  to  calculate  $ Jy  directly. 

Let  r  he  the  distance  from  the  axis  of  rotation,  h  — 
the  distance  from  the  central  plane  of  the  cloud*  The  compO' 
nent  of  the  gravitational,  force  along  r  at  point  Tq  in  the 
central  plane,  the  force  being  the  result  of  the  disturbance 
,  equals 

iFr**G 


fiW  +*»r 


r  r'f  ifjtfqwtf  —  rjrirj&df 
5  )  1  (i*  +' +  ft*  ~ 2rr#l  essfjp 


(4) 


Integrating  (4)  along  f  brings  us  to  elliptical  inte 
grals  of  the  first  and  second  order 


IF, 


where 


'"H&T 

4 Gre  J  C 

-*»  * 


±J) _ r  2y-fV  4-** 

1 


K^dydz 


m 


y 


S h 


*  rme  * 

gp*  •  Z  xszt 


.  «4l 

r-  >  2«  “  r~ 

r«  r9 


K 


sfe  wit 

j  vr=9m  • 


When-  the  length  of  the  disturbing  wave  X  and  of  the  se¬ 
mi-thickness  of  layer  hQ,  which  are  small  in  comparison  with 
distance  rn  from  the  axis  of  rotation,  magnitudes  y  and  z  are 
small,  and  k  is  close  to  unity.  Elliptical  integrals  and  o- 
ther  functions  entering  (5)  can  be  expanded  into  a  sera.es  and 
limited  to  the  first  members  (5) s 

E  «  1  -f-  y(A  — y]rE  +  K  ^  A 

where  k'2  =  1  -  k2,  A  =  ln-|r  .  With  an  accuracy  to  the  in¬ 
finitesimals  of  the  second  order  y2,  z2 

£  as  1 4- f6  In  2—  1  —  In  (y*  +  z*),  i 

A  »  3  in  2  - In  (y*  4 **>  +  ^  13  in  2  —  I  -  j  in  (y*  +  *•)]  (y*  +  **). 
i  +  y  i  ( «  ,  u  ***  ** 


Vl2Ti)*  +  r* 


10  +f 


£ 

4 


S 


). 
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Then*  the  su'd  integral  function  in  (5)  will  equal 

¥/(£»  *)=4r (!  +  f  “•T'~t){!  -31n24-i-ln(i/2  +  z1)  4- 

+  }g  if  HK^)  [3  In  2 — |-!n  {y%  «+■  zs)j  + 

4*  yi^rjr  +  -§^3  In  2  —  y  —  y  In  (yf  -f  z*)|  {y1  -f  z®)jj .  (5) 

Since  Sf  (-  y)  =  -  £f>  (y),  the  sum  total  of  values  (6) 
at  points  +y  and  -y  is  changed  into  the  difference  f(y, z)  -f 
(-y,z).  Hence  *  *, 

5  *?{?+?■  + 

#  § 

+  to 2  +  j In  (y*  +  (7) 

The  second  right-hand  member  is  small  compared  with  the 
first,  and  we  can  neglect  it.  We  integrate  (7 )  along  z,  taking 
out  as  a  sign  of  the  integral  the  value  of  5p  ,  averaged  along 
Zi  €® 

iFr  **  8£?ra  \  %  arc  tg  ^dy.  (%) 

$ 

In  the  esse  of  &  usual  sinus iodsl  disturbance  with  a 
maximum  displacement  ^  at  point  tq  and  at  a  constant  thickness 
of  the  layer  2h q 


When  \<<  Tq  the  second  member  can  also  be  neglected. 


Then 

S/>  =  itsGff  (1)  Sr, 

(10) 

where 

i 

/  $)  \  sin Y  arc  ctg  %~dx,  S~~~. 

(H) 

e 


The  condition  of  gravitational  instability  (3)  can  then 
be  written  in  the  form 

4 +  (i2) 

The  function  f (  ^  )  has  the  following  values: 

5  #41  84  «  8  19  14  8$ 

fil)  0.96  0,64  0,43  0,34  0,28  0,23  0.172  0.124 
Hence,  it  can  be  seen  that  a  correction  toward  the  ma- 
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gnitude  of  the  critical  density  is  considerable  and  that  it. 
is  a  function  of  the  ratio  of , the  length  of  the  disturbing 

wave  to  the  thickness  of  the  layer.  .  ..  . .  .  u 

We  shall  now  find  the  value  g ,  at  which  the  critical 
density,  which  is  a  prerequisite  of  gravitational  InstaDill- 
tv*  is  minimal.  We  shall  take  advantage  of  the  relation  uet- 
ween  the  thickness  of  layer  H  and  density  fc  in  its  central 
plane,  found  by  Ye.  L.  Ruskol  (6): 


H 


i/HL/, 

V  *om 


(S3) 


where 


da 


*/g  u'  tnu 


u 


L. 

Pc 


(14) 


p#  ia  a  density  which  will  be  obtained  if  the  mass  of  the  cen¬ 
tral  body  is  equally  distributed  within  the  sphere  of  radius 
r.  Tabulating,  this  integral  yields  the  following  dependence 
of  I  on  fo/f#: 

to/p*  %  V*  *%  t 
I  o M  0,87  0,94  0,96  0,975 


From  (13)  >  we  obtain 

4  k*c% 

”TT 


4k<55^»- 


(55) 


For  a  system  whose  rotation  is  determined  chiefly  by 
the  gravitation  of  the  central  mass  (the  solar  system,  outer 
parts  of  the  Galaxy) : 


tar 


VGMr~ 


w 


4- 


xGp’. 


(16) 


Then  the  condition  of  instability  will  be  written  in 
the  form 


f »fl<B(4 


“*“$1 r)‘ 


(37) 


Value  f  represents  density  averaged  along  z,  and  hence 
it  is  smaller  than  However,  if  we  integrate  (?)  only  a- 

long  the  layer  of  thickness  2ho  =  H,  which  does  not  include 
all  the  matter  of  the  cloud,  we  have  also  lowered  o  Fr  in  (o) 
to  a  certain  extent.  In  order  to  take  into  account  the  gra¬ 
vitation  of  the  entire  layer,  the  value  f  in  (1?)  should  be 
somewhat  increased.  Numerical  estimates  show  that  3^  0.9  o 
depends  little  on  %  * 

Taking  this  into  account  and  using  numerical  values  lor 
f ( f  )  ana  I, “referred  to  above,  we  can  find  the  critical  value 
of  ^  o*  which  will  satisfy  the  condition  of  instability  (17). 
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The  results  of  calculations  at  ^  1,  yisld* 

JJ  4  6  8  10  Iff 

Pokp/P*  6.S  2,3  2,1  2,2  2,4 

Thus,  the  critical  density  requisite  for  gravitational 
instability  which,  as  is  well  known,  depends  on  X,  proves  to 
be  minimal  at  a  length  of  the  wave  of  disturbance  equal  to  8 
times  the  thickness  of  the  cloud  H*  In  decreasing  >  its  in- 
crease  will  depend  on  the  increase  of  the  second  component  in 
(17)®  associated  with  the  usual  criterion  ol  Jeans,  xn  in¬ 
creasing  A,  the  main  part  in  (17)  will  be  played  oy  the  xirst 
comnonent  associated  with  the  rotation  of  the  system.  In  tis 
instance,  the  critical  density  increases  as  a  result  of  an  xn- 
crease  of  ) ,  which  indicates  by  how  many  factors  the  gra¬ 

vitation  of  the  flat  circle  is  smaller  than  the  gravitation  Ox 
the  cylindrical  circle,  extending  inf initely_ along  z.  The  mi¬ 
nimal  value  of  the  critical  density  f«T  ~  2.1?*  8™ ater 

than  the  critical  density  1/3?*  by  a  factor  of  6,  which  had 
been  obtained  by  Bel  and  Schatzman  for  a  two-dimensional  ins¬ 
tance,  and  it  is  also  greater  than  the  instance  found  oy  Chan- 
drasekhar#  Thus,  the  conditions  for  gravitational  inht&Oili** 
ty  in  the  interstellar  matter  of  the  Galaxy  prove  to  be  more 
rigid  than  obtained  before. 
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